The induced colorectal carcinogenesis in rodents has a long history and currently uses the substances 1,2-dimethylhydrazine and azoxymethane.
Introduction
The number of new cases of colon and rectal cancer estimated for Brazil in 2012 is 30,140, with 14,180 in men and 15,960 in women. 1 The etiology of colorectal cancer (CRC) is known to be multifactorial, including family, environmental and dietary agents. Despite many advances in our understanding of the processes of carcinogenesis, to date, therapies including surgery, radiation and chemotherapy drugs are still limited to treat advanced stages of CRC. [2] [3] [4] The only satisfactory answer to the problem of malignancy is its prevention. This involves an extensive search for acquiring knowledge of the basic aspects of carcinogenesis. 5, 6 The carcinogenesis and development of CRC are multistep processes, characterized by progressive changes in the amount or activity of proteins that regulate the proliferation, differentiation, and cell survival, and that are mediated by genetic mechanisms. An ordered sequence of non-random events leads to the development of colorectal cancer, with the epithelium undergoing an invasive transformation, with progression from normal intestinal epithelium to the development of invasive carcinoma. 5, [7] [8] [9] [10] [11] [12] Animal models are good chances to study the biology of disease development. In addition, these models allow for testing hypotheses relating environmental factors to the etiology and prevention of cancer. 7 The study of colorectal carcinogenesis in rodents has a long history, dating back approximately 80 years. Currently, experimental models use colorectal carcinogens 1,2-dimethylhydrazine (DMH) and azoxymethane (AOM). [13] [14] [15] [16] DMH falls in the category of an indirect inducer drug. This drug has the ability to promote DNA hypermethylation of colorectal epithelial cells in the segment. AOM is a derivative of dimethylhydrazine. However, unlike DMH, AOM falls under the category of a direct inducer, without relying on conversion in vivo. 17 This study aims to compare the inductive effect of the substances AOM and DMH for colorectal carcinoma in an attempt to identify a more efficient animal model for the induction of CRC in rats.
Method
Animals 30 Wistar rats from the Central Animal Laboratory, Universidade Federal de Alagoas (UFAL), submitted to a light-dark cycle of 12 h, and fed with standard diet and water ad libitum, were used. The study was approved by the Ethics in Research Committee (ERC), Universidade Federal de Alagoas, and all experimental steps were performed in accordance with the principles established by the Colégio Brasileiro de Experimentação Animal (COBEA).
Experimental groups and technique
The animals were randomized into four groups: two groups of ten animals (G1 and G2) and two of five (C1 and C2). G1 was submitted to induction by DMH, and C1 was its control group. G2 received AOM and C2 was its control group.
DMH was administered dissolved in 0.9% NaCl containing 1.5% EDTA as a vehicle, adjusted to a final pH of 6.5 with 1 N NaOH solution and applied subcutaneously once a week for five weeks at a dose of 65 mg/kg/week. 18 AOM was administered dissolved in 0.9% NaCl, resulting in AOM 20 mg/mL and applied subcutaneously for two weeks at a dose of 20 mg/kg/wk. 3 In C1 and C2, only saline (sodium chloride 0.9%) was applied in a proportional volume and in the same time scheme of G1 and G2, respectively.
After the second inoculation of AOM, we waited two weeks for the action of this substance, and ten weeks for the action of DMH, after its fifth inoculation. The animals were properly identified and submitted to the administration of sodium thiopental 150 mg/kg, intraperitoneally, whose lethal dose caused a quick and painless death by central nervous action with cardiopulmonary arrest. 3, 18 Immediately after euthanasia, the intestine was removed en bloc from the cecum to the anus and opened with scissors in the antimesenteric border. The gut was stretched in Styrofoam plates for cleaning with 0.9% NaCl.
Histopathology
Tissues were fixed in 10% buffered formaldehyde for 24 h and thereafter dehydrated in increasing concentrations of ethanol. After dehydration, the samples were embedded in paraffin, and from these materials tissue sections were obtained and subsequently mounted on glass slides, which were stained with hematoxylin-eosin (HE). The slides were analyzed by an experienced pathologist.
Histopathological changes were classified as mild, moderate and severe dysplasias. Mild dysplasia was characterized as having elongated, crowded and pseudo-stratified nuclei with preserved polarity and a normal or slightly reduced number of goblet cells. Moderate dysplasia was characterized as having hyperchromatic proprieties and deformity of the cell nuclei, increased number of mitoses, thickening of the glandular epithelium and an increased number of immune (defense) cells in the connective tissue. Severe dysplasia was characterized as having broad, round or ovoid nuclei with prominent nucleoli, and atypical mitotic figures. In severe dysplasia, the nuclear polarity was partially lost and the number of goblet cells was significantly reduced or completely disappeared. Colorectal carcinoma is characterized by a complete loss of the morphological characteristics of the tissue of origin and by the presence of signet ring cells. 19, 20 
Results

Weight gain
The animals were weighed weekly, from the first inoculation until euthanasia. Table 1 shows the weight of each G1 animal over the 15 weeks of the experiment, and Table 2 shows the weight of each C1 animal in the same period of time. Fig. 1 compares the weight evolution of G1 versus C1 animals in the weeks of evaluation. Table 3 shows the weight of each G2 animal over the four weeks of the experiment, and Table 4 shows the weight of C2 animals in the same period of time. Fig. 2 compares the weight evolution of G2 versus C2 animals in the weeks of evaluation. Table 1 -Weight gain, in grams, of each animal of G1 group during the trial period.
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Histological analysis
No macroscopic lesion in colorectal tissue of any animal was found.
The animals in the control groups showed normal colorectal tissue. In the slides studied, the homogeneous pattern of staining in the nuclei was maintained, as well as its basal location. No mitotic tissue changes were observed, as well as in the size or shape of the glands, which remained uniform (Fig. 3) .
G2 animals showed changes consistent with moderate dysplasia ( Fig. 4) . In G1 slides, areas of hyperplasia ( Fig. 5 ), mild dysplasia ( Fig. 6 ), severe dysplasia ( Fig. 7) and carcinoma ( Fig. 8) were observed.
Discussion
In the weight evolution in the control groups (C1 and C2), an increasing weight gain occurred.
In G2 group, i.e. those animals that received AOM, there was a weight loss in the first week and, thereafter, weight gain. Probably this was due to the metabolism of this substance, that acts directly in carcinogenesis. 15 A difference in weight evolution of G1 and C1 was noted, compared to G2 and C2. In the group that received DMH (G1), although there has been no weight loss, weight gain was consistently lower than in the control group. This weight behavior was not analyzed in similar studies; however the research confirm different metabolisms between DMH and AOM, which can generate further research to justify such developments. 15, 21 Regarding the microscopic morphology, in G2 group changes in a homogeneous pattern were observed and characterized as moderate dysplasia. In this group carcinoma was not obtained, perhaps due to the short time between inoculation and euthanasia, since other studies have identified carcinoma when the time elapsed was superior to ours. 15, 19, 22, 23 The analysis of G1 slides showed histological changes in different stages, which confirmed the high carcinogenic capacity of DMH. 7, 13, 15, 18, 21, 24 It is known that the final amount of carcinogen found in the tissues is a function of activity of the metabolic pathways leading to its formation, of the activity of detoxification pathways, as well as the half-lives of all biological species involved. 25 Considering that in the methodology of DMH carcinogenesis 15 weeks should elapse for the final analysis, there was more time for the evolution of lesions, which confirms the importance of genetic and environmental factors in carcinogenesis. 12 The mechanism of carcinogenesis induction by inoculation of AOM and DMH is so well established in the literature that some authors are using substances to inhibit the carcinogenic process. 5, 22, 24, 26, 27 However, the cost of substances -a limiting factor of the feasibility of an experiment -is not being analyzed nor valued.
When in this study we compared the cost of AOM versus DMH, the latter was more than 50 times less expensive than AOM. Even requiring more carcinogenesis time with DMH and, consequently, an higher maintenance cost of animals, the use of AOM did not pay off.
The methodology used confirmed that the five weeks' time of inoculation followed by ten weeks of observation is sufficient for completion of experimental carcinogenesis by DMH.
Conclusion DMH caused changes of weight different from those of G2 animals. Their carcinogenic action was evidenced by pathological changes, as dysplasias of various degrees were found, in addition to regions of neoplasia. AOM is able to promote histological changes consistent with the orderly events' sequence that leads to the development of colorectal cancer, being considered a good colorectal carcinogen.
Time is a preponderant factor for evidencing the histological changes. Neoplasia and severe dysplasia were produced by DMH which, compared to AOM, was more efficient in inducing colorectal cancer.
